Background and Objectives: Given the technical difficulty of laparoscopic splenectomy and azygoportal disconnection (LSD), data are limited that compare the laparoscopic to the open procedure. As the technique becomes more widespread, questions regarding its safety, feasibility, and reproducibility must be addressed. This review assesses the current status of LSD.
INTRODUCTION
Because of the high incidence of chronic hepatitis B and C infections worldwide, a large number of patients, especially in China, have portal hypertension secondary to liver cirrhosis. Hypersplenism and esophagogastric varices, which are common major complications of liver cirrhosis, occur in approximately 24 -80% of cases, and the mortality rate is high. [1] [2] [3] Esophageal variceal hemorrhage is a major cause of death in patients with portal hypertension due to liver cirrhosis. Furthermore, more than 70% of individuals with portal hypertension and a history of variceal internal bleeding experience recurrent bleeding. 4, 5 Complications of hypersplenism, including reductions in white blood cells, platelets, and hemoglobin (Hb), can result in bleeding, infection, and anemia. 6 Liver transplantation has become the most effective treatment for many patients with liver cirrhosis and decompensated liver function. However, 2 major obstacles are organ shortages and high transplantation-related medical costs, especially in China.
The transjugular intrahepatic portosystemic shunt (TIPSS) procedure may be one option for chronic liver disease with decompensated liver function; however, hepatic dysfunction may progress after TIPSS with radical portal diversion, and the failure rate of TIPSS includes those due not only to stent blockage, which is reported to be as high as 30 -80% 1 year after TIPSS, 7, 8 but also to frequent clinically significant variceal hemorrhage 9 and portosystemic encephalopathy.
In 1964, Hassab described splenectomy with pericardial devascularization (Hassab procedure), which is now com-monly used to treat patients with esophageal varices and hypersplenism. 10 The procedure plays an important role in the treatment of portal hypertension in China. Although its negative impact on liver function is relatively small, disadvantages of the Hassab procedure include a large surgical incision and significant morbidity.
Recent advances in laparoscopic techniques and devices have led to laparoscopic approaches that replace conventionally open abdominal surgery. In 1997, Hong et al 11 first reported laparoscopic splenectomy and azygoportal disconnection (LSD). Four techniques are currently used: modified (MLSD), traditional (TLSD), and single-incision (SLSD) LSD and open splenectomy with azygoportal disconnection (OSD) . No comparative study of the 4 techniques has yet been performed. For this article, we reviewed the literature, to provide a comprehensive understanding of the current status of LSD, focusing on technical challenges, feasibility, and complications specific to minimally invasive approaches.
METHODS

Literature Review
We searched the PubMed database using the search string "splenectomy and esophagogastric devascularization," "splenectomy and azygoportal disconnection," "splenectomy and pericardial devascularization," or "splenectomy and gastroesophageal devascularization," along with the search term "laparoscopic." The beginning date of the search was not limited; the ending date was December 31, 2014. Eighteen relevant articles by 10 surgical teams were retrieved. Articles containing more than 5 LSD procedures were selected. In case of multiple publications by the same surgical team, to prevent data overlap when different variables were compared within group in each publication, only the more informative comparison was considered. Three articles were excluded from our analysis: a case report of 1 child 12 (our study focused on adults 18 -80 years old); another case report 13 that addressed only 1 postoperative complication, gastric perforation, which was also mentioned in another article, 14 ; and a third article that did not report LSD. 15 In All the retrieved studies that met the inclusion criteria were independently reviewed by 2 authors (GQJ and PC). The 2 reviewers discussed any differences until a consensus was achieved.
Tables 1-7 present the data obtained from each study: first author, publication date, number of patients, number of ports, energy device used for dissection, device used for splenic hilus sectioning, instrument used for spleen extraction, extraction site, size of spleen extraction site, use of autologous blood transfusion, use of drains, operative duration, estimated blood loss, number of blood transfusions, conversion rate, time to first flatus, time until out-of-bed activity, postoperative hospital stay, morbidity, and mortality.
Statistical Analysis
Data are presented as the mean Ϯ SD, median, and range, or number and percentage; when applicable, a weighted average (WA) was calculated to show the statistical sum of the means for each variable. 30 The 2 or Fisher's exact test was used to compare categorical variables among groups, as appropriate. Student's unpaired t test was used to compare continuous variables. Differences reaching P Ͻ 0.05 were statistically significant. All statistical analyses were performed with SPSS for Windows, Version 16.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Fifteen articles, including 412 patients who underwent LSD, were included in this review (Figure 1) (Figure 2 ). All LSD procedures were reported from institutions in China.
Surgical Techniques
Eleven patients (2.7%) underwent SLSD, 79 (19.2%) underwent MLSD, and 322 (78.2%) underwent TLSD (Figure 3 ).
Since the first TLSD series was reported in 2007, 11 5 surgical teams have reported on this technique. SLSD was first reported in 2013; since then, only 2 teams have reported using this technique. The first and only team to report MLSD published 4 articles in 2014 ( Table 1) .
All authors reported the use of ports (n ϭ 412; 100%). Two teams (n ϭ 283; 68.7%) reported the use of 5 ports, 3 teams (n ϭ 92; 22.3%) reported the use of 4 ports, 1 team (n ϭ 26; 6.3%) reported the use of 4 or 5 ports, and 2 teams (n ϭ 11; 2.7%) reported the use of 1 port ( Table 1) .
Details on the device used for dissection were provided in all articles (n ϭ 412 cases; 100%). In 4 surgical teams, a single device was used; in another 4 teams, 2 devices were used. The LigaSure Vessel Sealing device (Covidien, Minneapolis, Minnesota, USA) alone was used by 2 surgical teams (n ϭ 85; 20.6%), and ultrasonic shears alone by 2 (n ϭ 227; 55.1%). LigaSure (Covidien) and ultrasonic shears were used in combination by 4 teams (n ϭ 100; 24.3%) ( Table 2) .
Details on the device used to divide the splenic hilum were provided in all articles (n ϭ 412; 100%). A stapler alone was used by 5 teams (n ϭ 179; 43.4%) and clips alone by 1 team (n ϭ 6; 1.5%). A stapler or cutter (n ϭ 204; 49.5%) was used by 1 team, and a ligature or clip (n ϭ 23; 5.6%) was used by 1 team ( Table 2) .
Details on spleen extraction site were provided by 7 teams (n ϭ 389; 94.4%). In 5 teams (n ϭ 378; 97.2%), the specimen was extracted through an incision in the left midclavicular line, halfway between the costal margin and the umbilicus. Specimens in SLSD (2 teams) were delivered through the single umbilical incision (n ϭ 11; 2.8%) ( Table 2) .
Information on the instrument used to extract the spleen was available in all articles (n ϭ 412; 100%). Seven teams extracted the spleen by using a large specimen bag (n ϭ 333; 80.8%). Only in the MLSD team (n ϭ 79; 19.2%) was the spleen specimen extracted by an electromechanical morcellator ( Table 2) .
Information on the size of the spleen extraction site was available from 3 teams (n ϭ 90; 21.8%). Two SLSD teams reported that the sizes were 2 cm (n ϭ 6; 6.7%) and 3 cm (n ϭ 5; 5.6%). The MLSD team reported that the size was only 1.2 cm (n ϭ 79; 87.8%) ( Table 2) .
Information on autologous blood transfusion was available from 4 teams (n ϭ 84; 20.4%) ( Table 2) . Information on the use of drains was provided by only 7 teams (n ϭ 45; 10.9%), but only Wang et al (n ϭ 65; 8.9%) reported routinely avoiding the use of drains ( Table 2) . 16 
Outcomes
Conversion to Laparotomy
Information on conversion to open surgery was reported by 8 teams (n ϭ 412; 100%). Overall, 22 LSD procedures were converted to open surgery. Wang et al 16 did not provide the reason for their single conversion, but reasons for the other 21 conversion were severe inflammation or dense adhesions around the spleen that hindered separation (n ϭ 7; 33.3%) and uncontrollable bleeding at the surgical site (n ϭ 14; 66.7%).
Massive, uncontrollable intraoperative bleeding is extremely dangerous and is the primary reason for conversion to laparotomy. Given the thrombocytopenia, massive splenomegaly, poor liver function, coagulopathy, and multiple collateral vessels in patients with liver cirrhosis, prevention and alleviation of bleeding and reducing the rate of conversion are challenging. Adequate preparation involves preoperative adjustment of coagulation function, appropriate platelet supplementation, and a high level of technical skill of the surgical team. The ability to control bleeding and the speed with which hemostasis is achieved depend on the laparoscopic skills of the surgeon and first assistant and on their cooperation with each other. To some extent, accurate and rapid cooperation determine the rate of conversion. Furthermore, intraoperative cell salvage and autologous blood transfusion may also decrease the rate of conversion because of preservation of blood volume and increased self-confidence of the surgeon with the use of an autologous blood-recovery system. To date, none of our 65 MLSD procedures with Data on intra-and postoperative outcome variables are presented in Tables 1 and 3 .
Operative Time
The mean operative duration of OSD was reported by 4 teams (n ϭ 200; 100%; WA 201.3 minutes) ( Table 4 ). The mean operative time of LSD was reported by all teams (n ϭ 412; 100%); WA was 221.7 min. Mean operative durations of MLSD, TLSD, and SLSD were reported by 1 (n ϭ 79; 100%; WA 216.0 minutes), 5 (n ϭ 322; 100%; WA 221.8 minutes) and 2 (n ϭ 11; 100%; WA 259.1 minutes) teams, respectively ( Table 5) .
Intraoperative Blood Loss
Estimated mean volume of intraoperative blood loss for LSD was reported by all but 1 team (Wang et al, 16 who did not report the mean volume) (n ϭ 387; 93.9%), with a WA of 192.7 mL (Table 4) . Specifically, mean blood loss for MLSD, TLSD, and SLSD was reported by 1 (n ϭ 79; 100%; WA 170.2 mL), 5 (n ϭ 297; 92.2%; WA 194.9 mL), and 2 (n ϭ 11; 100%; WA 295.5 mL) teams, respectively. Mean estimated operative blood loss for OSD was reported by 4 teams (n ϭ 200; 100%), with a WA of 301.6 mL ( Table 5) .
Postoperative Hospital Stay
The mean length of postoperative hospital stay was reported by 7 teams (n ϭ 370; 89.8%; WA 9.5 d). Mean hospital stay for MLSD, TLSD, and SLSD were reported by 1 (n ϭ 79; 100%; WA 11.0 d), 4 (n ϭ 280; 87.0%; WA 9.0 d) and 2 (n ϭ 11; 100%; WA 10.8 d) teams, respectively. Mean length stay for OSD was reported by 4 teams (n ϭ 187; 93.5%) ( Table 4) , with a WA of 14.3 d ( Table 5) .
Postoperative Complications
Six teams (n ϭ 401; 97.3%) provided information on incidence of postoperative complications of LSD. Morbidity ranged between 12.1 and 56.3%. In all, 123 postoperative complications were reported, for a total morbidity rate of 29.9%. Complications of OSD were reported by 4 teams (n ϭ 200; 100%). Morbidity ranged between 33.3 and 79.5%. In all, 91 postoperative complications were reported for OSD, for a morbidity rate of 45.5% (Table 6 ).
Portal Venous System Thrombosis
Data on portal venous system thrombosis (PVST) associated with LSD were reported by 3 teams (n ϭ 309; 75%). The incidence of PVST ranged between 3.8 and 38.2%
(n ϭ 87; 28.1%). PVST associated with OSD was reported by 3 teams (n ϭ 170; 85%), with an incidence between 0 and 30.1%. PVST developed in 30 patients with OSD, for an incidence of OSD-associated PVST of 17.6% (Table 6 ).
Gastric Perforation
Data on gastric perforation during LSD were reported by 6 teams (n ϭ 417; 97.4%). Two patients experienced gastric perforation. Information on gastric perforation during OSD was reported by 4 teams (n ϭ 200; 100%). One patient who underwent OSD experienced gastric perforation ( Table 6 ).
Gastric perforations were mainly due to thermal injury from harmonic shears and healed in approximately 2 months, with sufficient abdominal drainage. 18, 20 Gastric perforation is a rare complication of LSD. However, if abdominal drainage is insufficient, it may be life-threatening for a patient with liver cirrhosis. It can be avoided by proper attention to surgical technique. 24 
Pancreatic Fistula
Information on pancreatic fistula in LSD, although not always recorded according to standardized methodology, was reported by 3 teams (n ϭ 309; 75%). Incidence ranged between 0.9 and 3.8%. Overall, pancreatic fistula developed in 5 patients who underwent LSD. Pancreatic fistula in OSD was reported by 3 teams (n ϭ 170; 85%). The incidence ranged between 0 and 2.7%. Three patients who had OSD had pancreatic fistula ( Table 6 ).
Pancreatic fistula is most often caused by a massively enlarged spleen. The more enlarged the spleen, the more difficult it is to separate the tail of the pancreas from it, but one aspect of the situation that can be controlled is avoiding, as much as possible, injuring the tail of the pancreas. Because the tail of the pancreas can be easily scratched by forceps, pushing aside the tail pancreas with unopened forceps can protect the pancreas and decrease the rate of pancreatic fistula.
Pulmonary Infection
Information on LSD-associated pulmonary infection was reported by 6 teams (n ϭ 333; 77.8%). Pulmonary infection developed in 3 patients who underwent LSD. Information on OSD-related pulmonary infection was reported by 4 teams (n ϭ 200; 100%). Thirteen OSD patients had a pulmonary infection ( Table 6 ).
Pleural Effusion
Data on pleural effusion with LSD were reported by 4 teams (n ϭ 273; 63.8%). In 12 LSD cases, the patients had Table 3 . a postoperative pulmonary infection. Information on pleural effusion with OSD was reported by 2 teams (n ϭ 99; 23.1%). Thirteen patients who underwent OSD had a pulmonary infection ( Table 6 ).
Complications of LSD and OSD
Incisional Complications
Information on incisional complications associated with LSD was reported by 4 teams (n ϭ 228; 53.3%). Compared with 19 incisional complications in 200 cases of OSD, there were 2 incisional complications in 228 cases of LSD, suggesting an advantage of LSD over OSD with regard to incision healing (P Ͻ .001) ( Table 6 ).
Incisional complications involve incisional hernia, superficial incisional infections, and deep incisional infections. MLSD, requiring even smaller incisions, does not require enlargement of any incision to extract the enlarged spleen. For this reason, MLSD leads only rarely to postoperative abdominal pain and ensures better incisional cosmesis and fewer incisional complications. In the present review, no incisional complications were reported in the 79 patients who underwent MLSD.
DISCUSSION
The evolution of LSD, according to the studies reported, comprises 3 stages. The first stage was laparoscopic splenectomy (LS) for hematologic spleen. LS was first described in 1991. Since then, many surgeons have performed LS in patients with a normal-sized spleen who have hematologic disorders -mainly, idiopathic thrombocytopenic purpura. [31] [32] [33] [34] [35] [36] During the second stage, LS for splenomegaly due to liver cirrhosis was developed and became widely accepted. Splenomegaly was initially a contraindication for LS 37 ; however, experienced surgeons with exceptional laparoscopic skill performed LS successfully to treat splenomegaly secondary to liver cirrhosis. For the most part, however, LS in patients with liver cirrhosis remains technically challenging and a hand-assisted procedure is employed by some surgeons. The third stage saw the development of LSD for patients with liver cirrhosis who had portal hypertensive bleeding and hypersplenism, with thrombocytopenia, massive splenomegaly, poor liver function, impaired coagulation factors, and multiple collateral vessels. 38, 39 Traditional OSD is often associated with high risk. As the technology of LS for splenomegaly secondary to liver cirrhosis has matured, TLSD has gradually developed and become more accepted as a treatment for patients with cirrhosis, bleeding portal hypertension, and secondary hypersplenism. Similarly, early in the third stage, a hand-assisted procedure was put to use. 40 A variety of surgical techniques are currently used to extract the spleen during LSD, including cumbersome intracorporeal bags to withdraw massively enlarged spleens, creation of enlarged incisions to morcellate and withdraw splenic tissue, and hand-assisted laparoscopy. 11,16 -20,40 -43 The year 2012 saw the introduction of an MLSD technique that greatly reduces impairments, 23, 24, 26, 27 in which a massively enlarged spleen is removed from the abdominal cavity through the existing incision using an electromechanical morcellator. MLSD is an even less invasive laparoscopic technique that will extend the advantages of laparoscopic surgery to patients likely to benefit the most: those with cirrhosis with bleeding portal hypertension and hypersplenism. Recently, SLSD was reported by 2 surgical teams, 1 performing 5 and 1 performing 6 procedures. No perioperative complications were recorded, perhaps because of small sample sizes. Surgeons must possess considerable laparoscopic skill to perform SLSD because of the challenge of the unavoidable contact between instruments.
Robotic surgery may develop into a fourth stage. Currently, there is no report of robotic splenectomy and azygoportal disconnection (RSD), but Giza et al 44 reported on robotic splenectomy in 2014, demonstrating that a robotic system is beneficial in difficult splenectomies, particularly where there is hypersplenism secondary to liver cirrhosis. Given the difficulty and risk of surgery in patients with cirrhosis, portal hypertensive bleeding, and secondary hypersplenism, RSD should provide some geneogenous advantages over LSD, as well as benefits in cosmesis and pain reduction, among others.
Comparison with Traditional Open Surgery
Compared with traditional open surgery, the minimally invasive nature of laparoscopic surgery makes it feasible, effective, and safe and results in less pain, fewer complications, and more rapid recovery. [45] [46] [47] 48, 50, 52 including lower concentrations of interleukin-6 and C-reactive protein. [53] [54] [55] [56] In 2012, we developed MLSD, a new technique that greatly reduces impairments. 23, 24, 26, 27 To date, we have performed MLSD in more than 100 patients with liver cirrhosis, portal hypertensive bleeding, and secondary hypersplenism. To the best of our knowledge, ours was the first report of the use of an electromechanical morcellator to draw a massive amount of splenic tissue completely from the abdominal cavity during LSD. 23 Our study suggested that, compared with OSD, MLSD is associated, not only with the above-mentioned advantages, but also with many other advantages, including better liver and renal function, 26 lower inflammatory immune responses with fewer postoperative days of elevated temperature (Ͼ38.0°C), lower white blood cell counts, 24 and lower concentrations of C-reactive protein, interleukin-6,-and procalcitonin. 26 As demonstrated by this review, the WA of the operative duration of LSD was longer than that of OSD. However, volume of estimated blood loss was less, and hospital stay was shorter, in LSD than in OSD (both P Ͻ .05) ( Table 4) . Among the 3 LSD techniques, MLSD is associated with shorter operative duration and less estimated blood loss than either TLSD (P Ͻ .05) or SLSD (P Ͻ .05) ( Table 5) .
Complications
Two studies 18, 22 reported that there was no significant difference in perioperative complications between LSD and OSD, whereas others 17, 20, 24, 26, 27 reported lower complication rates for LSD.
Three things may explain these conflicting results: first, inconsistent inclusion criteria with regard to definitions of Data are WA (n). complications by different studies; second, surgical teams with various levels of technical skill in performing laparoscopic procedures; and finally, small sample sizes of the studies.
Many studies 17, 18, 20, 22, 24, 26, 27 have demonstrated that the short-term effects, including smaller volumes of both estimated intraoperative blood loss and intraoperative blood transfusion; less postoperative pain; shorter times to first oral intake, earlier passage of flatus and time until out-ofbed activity; shorter postoperative hospital stay; and lower rates of incisional complications, were better for LSD than for OSD. The medium-term effects, including esophagogastric variceal rebleeding, encephalopathy, secondary liver cancer, and death, during a follow-up of 2-50 months did not differ significantly between the 2 surgical procedures. 22 The present review found rates of gastric perforation, pancreatic fistula, and refractory ascites to be similar between LSD and OSD, but found the PVST rate to be higher for LSD than for OSD. However, rates of pulmonary infection, pleural effusion, incisional complications, and all other complications were all lower for LSD than for OSD ( Table 6 ).
Portal Vein System Thrombosis
PVST is a common and potentially life-threatening complication of splenectomy. 57, 58 Severe PVST (Yerdel grade IV) can lead to aggravated portal hypertension, recurrent esophagogastric variceal bleeding, fatal bowel ischemia, or intestinal infarction, 59 and can significantly reduce a patient's life expectancy. 60 It is noteworthy that PVST is a more frequent complication of LS than of OS 61 ; similarly, more patients experience PVST after LSD than after OSD, 22 but PVST may be the only disadvantage of LSD among many medium-and long-term results. The mechanism of the higher rate of PVST in LSD is not yet clear. The CO 2 used to create pneumoperitoneum and the intraabdominal pressure produced by pneumoperitoneum, may be contributors to PVST. LSD differs from OSD in that, during LSD, the splenic hilar vessels are divided with an endoscopic vascular stapler, and perisplenic ligaments and azygoportal disconnection are accomplished mainly with the LigaSure device (Covidien) or harmonic shears. The effects of these processes on vessels and tissues may be causes of PVST. Ikeda et al 61 showed that the incidence of PVST in patients with cirrhosis and portal hypertension was significantly higher in those who received LS (12/22, 55%) than in those who underwent OS (4/21, 19%). Cheng et al 22 found that PVST occurred more frequently after LSD (40/80, 50%) than after OSD (22/73, 30.1%).
In terms of prevention, the routine use of aspirin and dipyridamole has not been shown to reduce the incidence of PVST. The use of postoperative prophylaxis, such as heparin for high-risk patients, has been recommended. 62, 63 It is possible that the lack of heparin use in many studies contributed to the high incidence of PVST. A small randomized controlled trial 64 evaluated the safety and efficacy of enoxaparin, a low-molecular-weight heparin, in preventing PVST in patients with advanced cirrhosis. A 12-month course of enoxaparin 4000 IU/d was demonstrated to be safe and effective in preventing PVST in patients with advanced cirrhosis, and it appeared to delay the occurrence of hepatic decompensation and to improve survival.
Enoxaparin may also be effective in preventing postoperative PVST after LS or LSD. Compliance may be an issue, however, as subcutaneous injection of enoxaparin over a long period is not well tolerated by some patients. We believe the administration of oral vitamin K antagonists may be another effective way to prevent and treat postoperative PVST. We have conducted a small randomized controlled trial to determine whether warfarin anticoagulation is safe and effective in preventing PVST after MLSD in patients with liver cirrhosis (ClinicalTrials.gov ID: NCT02247414). More prospective studies are needed to investigate how to decrease the incidence of PVST after LSD or LS.
Autologous Blood Transfusion
Since 2013, Jiang et al 27 have used intraoperative cell salvage and autologous blood transfusion during MLSD to minimize intraoperative blood loss, exploit the large volume of blood sequestered in the enlarged spleen, and decrease the need for allogeneic blood transfusion. Before the publication of that report, only 1 other study had examined the use of intraoperative splenic blood salvage during LSD, reporting that cell salvage significantly increased postoperative Hb concentration and minimized the risks and complications of perioperative allogeneic transfusion. 19 There are important differences between these 2 studies, however. In the study by Wang et al, 19 the blood sequestered in the enlarged spleen was not salvaged until the end of the operation, and intraoperative blood was not collected; in our study, both the blood sequestered in the enlarged spleen and intraoperative blood were collected, and splenic blood was salvaged on 2 different occasions. After laparoscopic mobilization of the spleen and disconnection of the hilus lienis vessels, sequestered blood released from the spleen was collected from the left subphrenic space. This method avoiding clot formation within the spleen allows sequestered blood to be collected earlier and the volume maximized. After morcellation and extraction of the entire spleen, a small quantity of blood released from splenic tissue was also collected.
Our study found that a significant increase in Hb concentration (11.2 Ϯ 4.8 g/L; P Ͻ .05) was observed in those receiving salvaged autologous blood before surgery to postoperative day 1, and that a significant decrease (9.8 Ϯ 6.45 g/L; P Ͻ .05) was observed in the group without cell salvage during the same time frame. Preoperative Hb concentrations were similar between groups with and without autologous blood transfusion, but Hb concentration on postoperative day 1 was significantly higher in the autologous blood transfusion group ( Table 7) . Furthermore, autologous blood transfusion was associated with a postoperative body temperature within the normal range. 27 Because of its many advantages, MLSD with intraoperative cell salvage and autologous blood transfusion may become the gold standard for treating patients who have cirrhosis with portal hypertensive bleeding and secondary hypersplenism.
CONCLUSION
LSD is feasible and safe, with lower mortality and complication rates than OSD. The major drawback of all reviewed series examining LSD was the small number of cases and limited follow-up, which do not permit strong conclusions to be drawn. Specifically designed prospective studies with much larger cohorts, including randomized comparisons with open procedures, should be performed.
